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Abstract 
Double-stranded breaks are necessary for the resolution of crossovers during the heterotypic 
cell division of meiosis I. Failure to repair these DSBs can lead to programmed cell death, or apoptosis. 
Caenorhabditis elegans, a member of the phylum Nematoda, is a model organism for the study of 
meiosis due to the temporal-spatial pattern of its gonad. gpx-8, homologous to human gpx-4, codes for 
a member of the glutathione peroxidase family, a group of proteins involved in the detoxification of 
peroxides. This project examined the effects of a homozygous deletion of the gpx-8 gene on the C. 
elegans germ line. The primary focus was on its presumed correlation to elevated apoptosis, as noted 
during the counting of RAD-51 foci. The effects of the deletion on brood size and gonad length were 
also explored. 
The deletion was discovered to have no effect on apoptosis levels in the C. elegans germ line; 
however, the project’s results did suggest that a gpx-8 deletion is correlated to larger brood sizes and 
comparatively smaller gonads. The overall results were inconclusive and difficult to interpret; future 
studies on this topic might explore a link between RAD-51 levels and gpx-8’s function in oxidative 
damage repair. 
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Introduction 
 The specialized variety of cell division called meiosis is present in all sexually-reproducing 
organisms. Rather than resulting in two identical daughter cells like mitosis, meiosis ends in 
nonidentical gametes with the half the genetic material of the parent (haploid gametes). Two of these 
gametes, one from each parent, will later fuse to form a zygote, which then develops into a full diploid 
organism. The process of meiosis consists of two divisions: meiosis I, a heterotypic or reductive 
division, and meiosis II, an equational division. Prophase of meiosis I is defined in part by 
recombination, which results in novel genetic combinations prior to the titular reductive division.  The 
events of the meiosis I are key, since this is where diploid cells will become haploid. After meiosis I, 
the pathway will proceed without another round of replication. Here, in the “equational division,” sister 
chromatids will line up in metaphase II before segregating to form the aforementioned gametes.  
Errors in meiosis I can lead to a variety of deadly or detrimental genetic changes (Lemmens, 
Tijsterman 2010). One potential change is aneuploidy, an abnormal number of chromosomes (Lamb, 
Sherman 2005). Aneuploidy is often lethal. Human aneuploidy is of great clinical importance, often 
resulting in nonviable gametes or issues in eventual offspring. A number of familiar disorders, 
including Turner syndrome, Down syndrome, and Edwards syndrome, are all caused by aneuploidy in 
meiosis I. 
The scientific understanding of meiosis, though constantly growing, is not yet complete, with 
informational gaps to be filled in the way of understanding protein products and their interwoven 
functions. This is complicated by the fact that, while many meiotic processes are highly conserved, 
numerous genes involved in meiotic pathways lack sequence homologs, instead having functional 
homologs – a phenomenon attributable to the rapid evolution of meiotic genes.   
 Segregation of chromosomes during meiosis is one such conserved process. Taking place during 
prophase I of meiosis I, the faithful segregation during meiosis relies on homologous chromosomes 
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recognizing one another and aligning along their full lengths. Key to this process is the synaptonemal 
complex (SC), a zipper-like structure which concurrently forms as the chromosomes align (Colaiácovo, 
2006). The existence of the SC is what allows for crossover events – always ensuring for at least one – 
and is critical for the success of meiosis. Crossovers are what provide the necessary tension for the 
chromosomes to align. A failure to form these crossovers causes random segregation, resulting (after 
division) in the aforementioned phenomenon of aneuploidy.  Double-stranded breaks, or DSBs, form 
concurrently with the synaptonemal complex. The two complementary strands of DNA break 
simultaneously, initiated by the meiotic enzyme SPO-11. If repaired incorrectly, DSBs might result in 
chromosomal alterations, which in turn give way to programmed cell death. Eukaryotes have two 
overlapping methods of DSB repair: non-homologous end joining (NHEJ) and homologous 
recombination (HR) (Takata, Sasaki 1998). The error-prone NHEJ joins the ends of a DSB while 
ignoring the respective sequences, while the error-free HR must have homologous sequence elsewhere 
in the genome in order to properly function. Consequently, recombination not only creates genetic 
diversity through an exchange in information, but is actually necessary for the correct repair DSBs.  
 The worm Caenorhabditis elegans is a member of the phylum Nematoda. Neither parasitic nor 
pathogenic, the tiny eukaryote occurs naturally in soil, feeding on colonies of bacteria. Though lacking 
the complexity that defines higher organisms, C. elegans is a powerful tool for the study of many 
fundamental biological processes, especially those conserved across other forms of life. In fact, C. 
elegans displays a tremendous degree of conservation with higher eukaryotes; 60-80% of C. elegans 
genes have a human ortholog. C. elegans' easily-manipulated genome, where mutations can easily be 
generated and isolated, makes it a model organism for genetic studies. The organism’s ability to self-
fertilize, with the majority of worms being hermaphrodites, aids in this process. Further, C. elegans' 
chromosomes are readily observed. The temporal-spatial pattern of the prophase I nuclei allows for 
meiotic events to be analyzed simultaneously across its large germ line, which accounts for a 
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considerable portion of the worm's body. The gonad may be divided into stages, with nuclei entering 
progressive stages as they near the distal tip, where mitotic division is taking place. The transition zone 
marks the beginning of meiosis. Here, homologous chromosomes align and DSBs are formed. DSB 
repair, the topic of special interest to this paper, occurs during the pachytene stage. Following a short 
diplotene stage, chromosomes condense to form “cruciform bivalents” in diakinesis, where six oocyte 
bodies (each one a bivalent) may be detected through DAPI staining. 
 Recombination is a complex process in all organisms, and C. elegans is no exception. A large 
family of proteins exists to regulate the multi-faceted process. Recombination begins in the transition 
zone (TZ), when programmed DSBs form. The enzyme responsible for the formation of these DSBs is 
SPO-11, which resembles topoisomerase II. Resection of the DSBs occurs by RAD-50 and MRE-11; 
this process reveals 3’ single-stranded DNA tails (Lui, Colaiácovo 2013). The tails are coated with 
RAD-51, a homolog of RecA. RAD-51 is a key intermediate in the process (Takata, Sasaki 2001). The 
nucleation of RAD-51 is supported by the protein BRC-2. Homologs of the RAD-54 protein proceed to 
promote strand invasion via chromatin remodeling. The absence of RAD-54 results in improper repair 
of DSBs; they will accumulate. The presence of RAD-51 foci is a visual marker of strand exchange, 
with the amount of RAD-51 peaking in the mid-late pachytene. Following the completion of strand 
exchange, the DSB is then processed into crossovers or non-crossovers (later promoted by RTEL-1). 
Those that will become crossovers become single-end invasions, then Holliday junctions. Many 
proteins regulate this step of the process. Crossovers are resolved through the repair of DSBs. If 
unrepaired DSBs accumulate, apoptosis – programmed cell death – may occur as a result, in order to 
prevent potentially dangerous mutations. The protein CED-1, encoded by the gene ced-1, initiates 
signaling in the phagocytic cells that promotes cell corpse engulfment and phagosome maturation 
(Zhou, Hartwieg 2001). 
 In C. elegans, the repair of DSBs strongly favors HR. HR, in turn, favors the production of 
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crossovers – which, recall, are also required for the proper segregation of chromosomes. Alternative 
forms of DSB repair, such as NHEJ, are normally suppressed when the HR pathway is active. But if 
HR is somehow inhibited, then these alternate methods become active. For example, HR fails to 
function in syp-3 mutants, where chromosomes fail to pair and synapse. NHEJ functions instead, and 
although apoptosis in the germ line is exceptionally high, a few viable progeny do result. In some 
species, the repair of certain DSBs aids in aligning homologous chromosomes, and preventing 
nonhomologous interactions. In C. elegans, these processes are DSB-independent. In this way, the 
existence of the SC, the occurrence of crossovers, and the proper resolution of segregation can all be 
tied to accurate repair – or lack thereof – of DSBs (Yin, Smolikove 2013). 
The focus of this project, gpx-8, was discovered by the mre-11(iow1) RNAi suppressor screen 
attempting to isolate genes of interest to DNA repair in C. elegans. The RNAi technique utilizes 
dsRNA (double-stranded DNA) to target and inactivate specific endogenous genes with corresponding 
sequences. In C. elegans, RNAi may be performed through injection of dsRNA into adult 
hermaphrodite worms, by soaking worms in a solution of dsRNA, or by feeding worms E. coli 
expressing target-gene dsRNA (Ahringer, Kamath 2003). This lab’s screen utilizes the lattermost 
method. The suppressor mre-11(iow1) causes mutants to display chromosomal fragmentation and 
aggregation in late prophase I. Recombination intermediates and crossover formation are also greatly 
reduced. In effect, the function of the HR pathway is inhibited, leading DSBs in mre-11(iow1) mutants 
to be repaired via NHEJ. Since mre-11(iow1) mutants show high embryonic lethality due to activation 
of NHEJ, a suppressor of embryonic lethality, gpx-8 may also suppress NHEJ and activate HR.  
gpx-8 is homologous to gpx-4 in mice and humans. gpx-4 codes for the protein glutathione 
peroxidase 4, involved in detoxifying dangerous peroxides and hydroperoxides (Toppo, Vanin 2008). It 
is reasonable to predict, based on protein domain information, that gpx-8 shares glutathione peroxidase 
activity. Glutathione peroxidase has no role in any known DSB repair pathway – a curious revelation, 
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considering (as will be discussed later) its apparent effects on DSB repair by resection. The eventual 
aim of this project became a closer analysis of gpx-8’s role, with a series of assays designed to test 
potential functions. It should be noted that gpx-8, as referred to throughout this paper, almost always 
refers to the deletion of the gene; that is, a “gpx-8 homozygote” is homozygous for the deletion. 
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Materials and Methods 
Experimental Strains 
 The strains and alleles of C. elegans used included mre-11(iow1), gpx-8 (tm2108), ced-1 smIs34 
[ced-1p::ced-1::GFP + rol-6(su1006)], syp-3(ok758), and kin-18(ok395). Strains were cultured at 
standard temperature, 20°C. N2 was used as the wild-type background. gpx-8 was the gene of interest, 
utilized in a variety of assays intended to better define its relation to DSB repair. mre-11(iow1) was 
maintained in an heterozygous state to the balancer. A balancer is a chromosome allowing potentially 
deadly mutations to exist in heterozygotes by suppressing recombination. To this end, the balancer was 
partnered with green fluorescent protein (GFP) as a readily detectable visual cue. Displayed in the 
pharynx, GFP is observable under ultraviolet light, exhibiting neon green fluorescence. It has a long 
history of use in genetic research of C. elegans. It was, as will later be discussed, utilized in this project 
as a means to gauge apoptosis in a cross between two relevant strains. 
Acridine Orange Assay 
 The organic, fluorescent dye called acridine orange emits red light when upon binding to 
ssDNA, making it an ideal marker for the presence of apoptosis, or programmed cell death. Apoptosis 
is a likely result of improperly repaired defects associated with DSB resolution. The RAD-51 foci 
count for gpx-8 homozygotes (discussed later) seemed to imply that the number acridine-orange-
positive nuclei would be considerably higher in the mutant strains. 
 This assay, perhaps the lengthiest of the four performed, began with isolation of three strains: 
gpx-8, syp-3, and N2 wild type. Here, syp-3 acted as a positive control; its presence is known to lead to 
to an increased level of apoptosis, meaning that the gonads of syp-3 worms will contain many apoptotic 
nuclei. N2 acted as the negative control, with normal levels of apoptosis. 
 L4s were singled and allowed to grow before being picked together to a series of 0.5ml tubes 
containing 100ul of 25ug/ml acridine orange in M9. The tubes, wrapped in foil, were then incubated 
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atop a mutator for two hours, gently rotated. Due to the sensitivity of the assay, samples were staggered 
in order to assure the best possible results.  
 During the incubation period, dime-sized agarose pads were created using 1.5% agarose in H2O. 
When the period was complete, the worms were relocated from the tubes to spread agarose plates using 
a glass Pasteur pipette, and allowed to crawl to the bacterial lawn. From here, the worms were 
transferred to drops of sodium azide on the agarose pads, secured with a cover slip, and immediately 
analyzed. The entire procedure – from incubator to slide – was performed in over no more than fifteen 
to twenty minutes. 
Gonad Length Assay 
  Worms homozygous for the two relevant genotypes, gpx-8 and wild type (N2), were isolated 
and allowed to mature. In a simple assay, worms in the L4 life stage were singled onto a separate plate, 
and after growing to adulthood, were Carnoy whole-mount fixed and DAPI stained. Digital images 
were taken immediately, emphasizing the gonads of the worms. These images were analyzed using 
Fiji/ImageJ, with the length of the whole worm being measured alongside two discrete measurements 
of each gonad. The worm’s body length was obtained so that a more revealing ratio between body 
length and gonad length, rather than gonad length on its own, might be used in analysis of the data. 
Progeny Size Assay  
  Agarose plates free of bacteria were obtained, and then spread with a lawn of bacteria 
considerably smaller than the norm. These special plates were created with the intent of confining each 
hermaphrodite’s brood to a small area, allowing them to be easily counted. 
Homozygous N2 and gpx-8 strains were isolated, with the worms being allowed to mature under 
standard conditions at 20°C. After 48 hours, individuals in the L4 life stage were singled to a first set of 
the special plates (set “A”). 7 worms in total were singled. 
The complete assay took place over the course of six days (Table 1), with the L4 worms being 
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singled on day 1. On day 2, these worms were moved to new plates (“B”) after being allowed to lay. 
The brood on the A plates was counted this same day. On day 3, the process was repeated, with the 
same worms being moved to a third set of plates (“C”) and the brood on the B plates being counted. 
Finally, on day 4, the original worms were killed and the brood on the C plates counted. Each 
successive brood grew and was counted over the course of three days, with the eggs being counted the 
day after, the L1 worms being counted two days after, and the adult worms being counted three days 
after. Thus, although no worms were still laying eggs on days 5 and 6, progeny of past worms were still 
being counted. 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 
L4s singled to 
“A” plates 
L4s moved to 
“B” plates; 
eggs on A 
counted 
L4s moved to 
“C” plates. 
Eggs on B 
counted; L1s 
on A counted 
L4s killed. 
Eggs on C 
counted; L1s 
on B counted, 
adults on A 
counted 
L1s on C 
counted; L4s 
on B counted 
L4s on C 
counted 
 
Table 1. A day-by-day breakdown of the events of the brood size assay. The staggering of each stage allowed brood size to 
be tracked temporally, with Plate A representing the first day of laying, Plate B representing the second, and Plate C 
representing the third. 
Generating the GFP::ced-1; gpx-8 Double Mutant 
Homozygous gpx-8 and smIs34 [ced-1p::ced-1::GFP + rol-6(su1006)] (ced-1::GFP) strains 
were isolated and allowed to mature. The homozygosity of the gpx-8 strain was confirmed with DNA 
PCR followed by gel electrophoresis utilizing both “internal” and “external” series of primers. The 
strain of ced-1::GFP utilized, meanwhile, was created by co-injection of  the dominant “roller” gene, 
cosegregating with ced-1::GFP, therefore creating a visible marker allowing genotype to be easily 
determined. It should also be noted that the gpx-8 strain isolated contained a high proportion of males, 
the results of a heat shock. 
 Male gpx-8 homozygotes were picked to a new plate alongside hermaphroditic ced-1::GFP L4 
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homozygotes, in a 3:1 ratio. For example, if twelve gpx-8 males were picked, then four ced-1::GFP 
hermaphrodites were picked to the same plate. Time was given for the worms to mate before the 
original hermaphrodites were singled to another set of plates and allowed to lay. 
 The offspring of these hermaphrodites were analyzed. Recall that the ced-1::GFP strain used in 
this assay already possessed the roller phenotype, allowing worms with at least one copy of the mutant 
allele to be isolated. To this end, rollers were singled, allowed to lay, and later removed for DNA PCR 
and gel electrophoresis in order to determine if they were homozygous for gpx-8 
 Once gpx-8 homozygotes were discovered, worms homozygous for both ced-1::GFP and gpx-8 
had to be isolated. Worms displaying the “roller” phenotype were isolated from the plates where the 
parent hermaphrodite was known to be homozygous for gpx-8, then given appropriate time to produce 
offspring. These offspring could easily be analyzed: any plate containing 100% roller offspring was 
certain to have arisen from a worm homozygous for ced-1::GFP.  
 With a double mutant strain now isolated, negative and positive controls were designated. Used 
as a negative control was the original strain of ced-1::GFP without gpx-8. As was the case for the cross 
strain, however, rollers had first to be isolated and their offspring examined in order to produce a line 
containing only worms homozygous for ced-1::GFP. Another double mutant strain (between ced-
1::GFP and kin-18) was utilized as a positive control. 
 The presence of GFP (green fluorescent protein) in all three strains allowed apoptotic bodies to 
be easily counted. 10-15 worms of the L4 life stage were picked from plates of each strain and allowed 
to mature. One day later, these worms were fixed using a sodium azide mixture, then promptly 
analyzed under a DV microscope in order to count the aforementioned apoptotic bodies.  
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Results 
To test for potential significance of genes discovered by the mre-11(iow1) suppressor screen  
(perform by a team of undergraduate students in the lab), worms homozygous for gpx-8, pinn-1, rde-
8(tm2252), F30F(7114), and F30F(tm6989) in a wild type background and in combination with mre-
11(iow1) were examined by staining for RAD-51 (Figure 1). This staining reveals the presence of the 
strand exchange-protein (and recombination intermediate), RAD-51. The number of RAD-51 foci can 
be considered a direct indicator of DSB repair process, with a high number of foci indicating an 
increase in DSB repair intermediates of resected DSBs. Our hypothesis stated that most (if not all) 
genes discovered by the screen would possess elevated RAD-51 levels. 
Worms of the indicated genotypes were isolated and allowed to mature. Once these worms were 
24 hours past the L4 stage of development, their gonads were dissected and stained. Used as a positive 
control were gonads containing mre-11(iow1), expected to have a very low number of foci. The iow1 
mutation in mre-11 abrogates resection activity, inhibiting the HR pathway. Wild type (N2) was used as 
a negative control. 
 
Figure 1. An image of a gonad stained for RAD-51. Each green dot represents one RAD-51 focus. 
Of the five genes listed above, four (gpx-8, rde-8-tm2252, F30F-7114, and F30F-6989) 
displayed statistically significant results, differing considerably in RAD-51 foci from the wild type 
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(Table 2, Figure 2). The greatest difference in foci occurred in the mid-late pachytene stage of prophase 
I. None of the genes had significant effects on the inhibitory action of mre-11(iow1).  
gpx-8 rde-8-tm2252 F30F-7114 F30F-6989 
< 0.0001 < 0.0001 < 0.0001 < 0.0001 
 
Table 2. A chart showing the p-values of each gene stained for RAD-51 foci. The corresponding p-value is shown beneath 
the name of each gene. 
 
 
Figure 2. A graph displaying the relationship between RAD-51 foci and genotype. This graph is specific to the gpx-8 
deletion. Each bar denotes a discrete genotype. The y-axis represents the average number of foci per meiotic nucleus, while 
the x-axis represents the stage of meiotic prophase I. All five of the genes received similar analysis, with the double mutant 
being compared to three relevant single mutants. 
As previously stated, gpx-8, ostensibly acting downstream of mre-11(iow1), was unable to 
overcome the lack of resection; gpx-8/mre-11(iow1) double mutants still displayed low numbers of foci. 
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However, the counting of RAD-51 foci did reveal a significant difference between wild type (N2) 
homozygous and homozygous for gpx-8.  
As seen in Figures 3 and 4, this difference was very large, with gpx-8 gonads having about 5 
foci on average during the mid-late pachytene stage, and N2 having about 2.5. The summer 2016 
assays were inspired by these results of the spring 2016 experiment, seeking to determine the apparent 
importance of gpx-8 to repair of double-stranded breaks in the C. elegans germ line, or at least 
determining the significance of its elevated RAD-51 levels. 
Acridine Orange Assay Results 
Table 3, on the right. Apoptotic nuclei counted during the acridine orange assay. 
  This assay’s hypothesis predicted a significantly elevated level of acridine 
orange staining in gpx-8 homozygotes as compared to the N2 wild type due to the 
high levels of RAD-51 observed in gpx-8. Seen here are the results of the acridine 
orange assay, comparing the strength of acridine orange in the gonads of worms 
homozygous for three different genotypes: wild type (N2), syp-3, and gpx-8. N2 
acted as the negative control, expected to have normal levels of apoptosis. As a 
gene with a known effect on apoptosis, syp-3 was the positive control; gonads of 
syp-3 homozygotes were expected to possess many apoptotic nuclei. 
Visible in the above chart, gonads of syp-3 homozygotes did indeed show 
an elevated number of stained (apoptosing) nuclei, consistent with the known 
effects of the gene (Table 3, Table 4, Figure 3). N2 gonads had normal levels of 
stained nuclei. gpx-8, in disagreement with the hypothesis for the assay, had levels 
of apoptosis comparable to those of the wild type. The results were not statistically 
significant (p = 0.6133). 
These results suggest that in spite of the elevated number of RAD-51 foci discovered during the 
spring, DSB levels are not high enough to induce the DNA -damage apoptosis pathway. 
N2 syp-3 gpx-8 
0 4 0 
0 5 1 
0 2 0 
0 6 0 
0 2 1 
1 4 2 
4 0 1 
3 4 0 
3 8 1 
2 6 2 
1 4 1 
1 4 2 
2 5 4 
0 6 3 
0 3 0 
3 5 2 
2 9 1 
0 4 1 
2 0 0 
1 7 0 
0  0 
2  1 
2  1 
0  2 
0  3 
  0 
  2 
  5 
  2 
  2 
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 N2 syp-3 gpx-8 
Avg. 1.16 4.4 1.333333 
Stdv. 0.259533 0.520121 0.231603 
 
Table 4. This chart tracks each genotype’s average number of stained nuclei; standard deviation is shown below. 
 
 
 
 
 
 
 
 
Figure 3. A graphical representation of Table 4. The line above each bar represents standard deviation. 
 
Gonad Length Assay Results 
 
Figure 4. This image shows a marked worm, measured as part of the gonad length assay. Note the presence of three 
individual lines: two shorter lines measuring each gonad and one larger line measuring the length of the worm. 
14 
 
Another parameter measured was gonadal length, in an attempt to see if gpx-8 gonads were any 
smaller or larger than their wild type counterparts. Gonads differing significantly in length from the 
wild type might changes to the Notch signaling pathway. Since a mere comparison of gonadal length 
would achieve little on its own, the measurements obtained via Fiji/ImageJ were put into ratio with 
each individual’s body length. Thus, although the measurements between gpx-8 homozygotes and N2 
homozygotes appeared somewhat similar, an assessment of the ratios told a different story. Relatively 
speaking, the gonads of gpx-8 worms were smaller in comparison to worm length than the gonads of 
N2 worms. An unpaired T-test yielded noticeable (but not overwhelming) statistical significance (p = 0. 
0267). The average gonad/worm ratio in N2 was 0.31815; the average gonad/worm ratio in worms 
homozygous for a gpx-8 deletion was 0.28407 (Table 5). 
These results could imply underproliferation of one of the many genes involved in the complex 
Notch pathway, a controller of development in the germline. 
N2 
WT 
Gonad 1 length 
(μm) 
Gonad 2 length 
(μm) 
Worm length 
(μm) 
Gonad 1/Worm 
Ratio 
Gonad 2/Worm 
Ratio 
2 348.54 X 1216.16 0.2865 NA 
3 359.42 316.65 1210.3 0.2967 0.2618 
4 354.49 304.34 1187.9 0.2985 0.2564 
5 410.3 358.83 1176.6 0.3484 0.3049 
7 398.79 X 1134.42 0.3521 NA 
8 322.1 X 1141.68 0.2825 NA 
10 352.17 X 1131.19 0.3115 NA 
11 437.95 428.46 1396.17 0.3355 0.3279 
12 464.18 459.14 1132.2 0.4115 0.4065 
gpx-8 Gonad 1 length Gonad 2 length Worm length Gonad 1/Worm 
Ratio 
Gonad 2/Worm 
Ratio 
2 333 280.32 944.91 0.3521 0.2967 
3 363.27 301.11 1162.87 0.3125 0.2591 
4 297.08 354.79 1214.94 0.2444 0.2924 
7 398.79 X 1282.95 0.3115 NA 
8 356.61 358.23 1146.33 0.3115 0.3125 
9 333.2 352.57 1342.09 0.2481 0.2625 
12 312.41 261.35 1039.36 0.3012 0.2519 
13 409.49 398.19 1278.72 0.3194 0.3115 
15 292.03 283.96 1279.53 0.2283 0.2217 
Table 5. The results of the gonad length assay. Worms were measured in micrometers (μm). Gonads were put into ratio with 
the body length of the relevant worm. The rightmost columns are the final form of this ratio. 
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3. Progeny Size Assay Results 
A gpx-8 N2 B gpx-8 N2 C gpx-8 N2 
1 16 4 1 98 56 1 131 61 
2 10 13 2 113 108 2 126 100 
3 14 7 3 82 92 3 124 84 
4 21 17 4 111 77 4 122 69 
5 31 5 5 95 112 5 131 103 
6 9 8 6 79 102 6 129 88 
7 15 12 7 88 91 7 108 64 
8  14 8  81 8  96 
 
Table 6. Recall Table 1, which displayed the schedule and organization of the brood size assay. These results are based on 
that schedule. 
The number of offspring produced asexually by a hermaphroditic individual, also referred to as 
a “brood,” is a parameter potentially related to apoptosis, though not necessarily to DSB repair. 
gpx-8 tended to produce  larger broods than N2 wild type. On Plate A, corresponding to the first 
day of laying, the broods of gpx-8 worms were slightly larger than those of the N2 worms (Table 6). 
However, these results were not quite statistically significant (p = 0.0591). 
Plate B corresponded to the second day of laying. This time, a clear trend was more difficult to 
see. An unpaired T test suggested statistical insignificance (p = 0.5415), meaning that the broods of the 
two genotypes did not differ considerably in size. The broods of gpx-8 worms were, however, still 
slightly larger. 
 Finally, Plate C corresponded to the third and last day of laying. Here, the differences in brood 
size became much more pronounced. The broods produced by gpx-8 worms were much larger than 
those produced by N2 worms. An unpaired T test yielded extreme statistical significance, with a p value 
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less than 0.0001. The average gpx-8 brood size was 124, while the average N2 brood size was 83. 
These results seem to contradict gpx-8’s proposed effect on DSB repair, since one indicator of 
successful DSB repair is viable offspring – of which gpx-8 homozygotes produced a large amount. 
ced-1/gpx-8 Cross Results  
 
 
Table 7, on the left. The statistically insignificant results of the ced-1/gpx-8 
cross.  
The gene ced-1 encodes a transmembrane protein 
homologous to CD91 in humans. CED-1 is a component of 
the apoptotic pathway and functions to initiate a signaling 
pathway in phagocytic cells that promotes cell corpse 
engulfment and phagosome maturation. In this assay, a cross 
between ced-1 homozygotes and gpx-8 homozygotes was 
performed in order to test potential effects of gpx-8 on ced-1’s 
known function.  
Recall that a ced-1::GFP negative control, a ced-
1::GFP ; gpx-8 double mutant, and a ced-1::GFP ; kin-18 
positive control were all analyzed for the presence of 
apoptotic bodies in the gonad, made visible by GFP. The 
nature of this assay was similar to the acridine orange assay 
but utilized different methods. Unsurprisingly, its results were 
also similar to those of the acridine orange assay. As expected, the positive control (ced-1::GFP; kin-
18) displayed a high level of apoptosis, with many bodies visible (8.5 on average). The ced-1/gpx-8 
double mutant’s levels of apoptosis were similar to those of ced-1, with 0.777 bodies on average, as 
compared to 1.125. This difference was not statistically significant, with a p-value of 0.3791.  
ced-1 ced-1/gpx-8 ced-1/kin-18 
1 4 5 
3 1 6 
0 0 6 
3 0 6 
0 2 8 
3 0 8 
0 0 8 
2 0 8 
1 4 9 
6 2 9 
1 0 10 
0 1 13 
0 0 14 
0 0  
0 1  
1 0  
0 0  
2 0  
1 0  
0 0  
1 0  
0 1  
0 0  
2 1  
 0  
 4  
 0  
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Especially when taken alongside the results of the acridine orange assay, these figures support 
the same conclusion: some alternate explanation must exist that explains gpx-8’s simultaneously 
elevated RAD-51 levels and normal apoptosis levels. 
 
 
 
 
 
 
 
Figures 5 and 6. These are two of the images counted for apoptotic bodies; the image on the left (Figure 5) is of the wild 
type, while the image on the right (Figure 6) is of the cross strain. Note the presence of one circular shape in the lower left 
corner of Figure 6 – an apoptotic body. 
 
 
Figure 7. Similar to Figure 3, this image shows the average number of apoptotic bodies associated with each genotype. 
Standard deviation is shown above each bar. 
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Discussion 
Acridine Orange Assay Discussion and ced-1/gpx-8 Cross Discussion 
Both the acridine orange assay (Table 3) and ced-1::GFP analysis (Table 7) suggested that the 
deletion of gpx-8 has no effect on apoptosis. Neither assay’s results showed that gpx-8 mutants were 
statistically significant from the wild type.  
We initially hypothesized that the elevated levels of RAD-51 observed in gpx-8 gonads would 
correlate to elevated levels of apoptosis, detected through the use of acridine orange dye. This did not 
turn out to be the case. As a strand exchange protein, RAD-51 mediates transfer between broken 
sequences and unbroken homologues to promote re-synthesis of the damaged region; elevated levels of 
RAD-51 are associated with increased apoptosis of unsuccessfully/delayed repaired DSBs.  
How best are gpx-8’s high RAD-51 levels reconciled to the results of these assays? Several 
explanations might be offered. The first is that gpx-8 does not elevate DSB repair enough to trigger 
apoptosis. In order for a cell to undergo apoptosis, a certain threshold of DNA lesions must be reached. 
If this threshold is not met, apoptosis will not occur in any abnormal capacity. This is perhaps the most 
likely explanation. 
A second explanation is that gpx-8 deletion is somehow leads to the suppression of the apoptotic 
pathway while also increasing RAD-51 foci levels. Perhaps the deletion of gpx-8 is interfering with the 
signaling element of apoptosis without affecting the repair pathway. Since gpx-8 had levels of apoptosis 
that were not abolished, but were very similar to those of the wild type, lack of GPX-8 function seems 
only to be attenuating the signal. The proposed suppression would thus have to be limited in its nature, 
essentially “confining” apoptosis to normal levels, but still allowing it to occur.  
 A final, more dubious explanation might be that RAD-51’s presence might be linked to the 
presumed function of gpx-8: that is, glutathione peroxidase, a detoxifying enzyme which reverses 
dangerous oxidative damage. Could the deletion of gpx-8 result in greater oxidative damage, in turn 
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associated with elevated levels of RAD-51?  In this model, RAD-51 foci would mark not resected 
DNA, but oxidative damage. This might explain how RAD-51 might have an increased presence 
without necessarily triggering apoptosis.  
Gonad Length Assay Discussion 
Although the results of the gonad length assay did yield statistical significance on Plate C 
(Table 5), with a p-value considerably less than 0.05, they alone are not enough to draw a firm 
conclusion. Not only were values compared in ratio, but there was no statistically significant difference 
between the lengths of gpx-8 and wild type worms (p = 0.9407). The effect on gonad length can thus be 
confined purely to the gonad, and the obfuscating factor of worm length dismissed. 
 In the C. elegans germline, the Notch signaling pathway controls germline proliferation through 
larval development and maintains germline stem cells in the adult (Crittenden, Eckmann 2003). The 
entire process is controlled from the distal tip cells, or DTCs. DTCs are required for the maintenance of 
germline mitosis (and thus eventual meiosis) in adults (Kimble, White 1981). When any of a wide 
variety of proteins involved in the Notch pathway – the ligand LAG-2, the receptor GLP-1, and the 
pathway-dedicated transcription factors LAG-1 and LAG-3/SEL-8 – are depleted, the gonad will 
transition from mitosis to meiosis.  
Since the gonads of gpx-8 homozygotes measured consistently shorter than those of N2 
homozygotes, deleting gpx-8 may interrupt the Notch signaling pathway or directly affect the DTCs. 
Perhaps a lack of gpx-8 results in underproliferation of the germline due to absence of one of the 
aforementioned proteins which trigger meiotic development. This would result in stunted, smaller 
gonads, as fewer cells would be able to properly transition to meiotic division.  
Despite being an interesting foray, this assay is of little importance to the project’s overall goal; 
indeed, the length of the gonad seems to be inconsequential when it is taken into account that gpx-8 
homozygotes actually produce larger broods than their wild type counterparts. 
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Progeny Size Assay Discussion 
The brood size assay yielded statistical significance only later in the adult worm’s life, with gpx-
8 homozygotes on Plate C laying considerably more eggs than wild type homozygotes (Table 6). 
 One important parameter in examining any mutation in the C. elegans germ line is brood size, 
an analysis of how many progeny a given hermaphrodite can produce on its own. A brood of 
exceptional size – or conversely, a tiny brood – could indicate a number of factors at play. 
The results of this assay are, at least, in modest agreement with the results of the acridine orange 
and ced-1/gpx-8 cross assays. High levels of apoptosis would likely mean smaller broods; gpx-8’s 
levels of apoptosis appeared normal. But this also means that the results disagree with the original 
hypothesis that high RAD-51 levels in gpx-8 were correlated to elevated apoptosis.  
An additional function of apoptosis in the C. elegans gonad is to form space for larger oocytes 
in the germ line. If gpx-8 were to have a physiological decrease in apoptosis, the result might be larger 
average brood sizes. Yet, this proposition disagrees with the apoptosis assay results, which pointed to 
no significant change in levels of apoptosis. 
Could brood size also be determined by sperm, produced in C. elegans during the L4 life stage? 
If gpx-8 were to make comparatively more sperm than its N2 counterpart, then this might explain the 
assay’s results. Conversely, worms with the gpx-8 deletion might have higher rates of ovulation. This 
notion would most certainly result in more offspring.  This conjecture could even explain the results of 
the gonad length assay; perhaps gpx-8 gonads are smaller because more oocytes are being ovulated per 
time unit. 
Conclusion and Future Directions 
It is thus difficult, beneath the weight of numerous negative results, to answer this project’s 
original question: exactly why gpx-8 gonads possessed such abnormally high numbers of RAD-51 foci. 
The positive results of the brood size assay and the gonad length assay do not contribute to an increase 
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in understanding either, especially considering that the former also disagreed with the hypothesis, and 
that the latter was never relevant to the project’s central premise.  
Although the results showing statistically significant levels of RAD-51 in gpx-8 were optimistic, the 
summer assays largely failed to capitalize on this find. The links between gpx-8, its role in 
detoxification, and its role in DSB repair by resection remain unknown. Future research involving this 
gene might take a number of directions in order to answer these questions. 
 Acridine orange staining revealed that the number of apoptosing nuclei in gpx-8 gonads was 
lacking in statistical significance. This conclusion was further supported by the GFP screen performed 
on the ced-1/gpx-8 double mutant. Though deletion of gpx-8 leads to elevated RAD-51 levels, the 
results of both these assays suggest that this does not lead to elevation in apoptosis. However, in order 
to put the apoptosis question definitely to rest, a future acridine orange assay might examine the gonads 
of a gpx-8 ; syp-3 strain. Assuming gpx-8 indeed has no effect on apoptosis, we would expect this assay 
to yield negative results: that is, similar levels of apoptosis between the double (gpx-8; syp-3) and 
single (syp-3) mutants. 
 Could elevated RAD-51 levels result from increased oxidative damage associated with gpx-8’s 
deletion? To test this hypothesis, one might knock out genes with functions similar to gpx-8 to see if 
results similar to those of this experiment are obtained. Another assay of interest could artificially 
induce oxidative damage in wild type worms and observe the effects on the RAD-51 foci count. 
 A final, miscellaneous assay might be performed to test the effects of radiation on embryonic 
viability. Though a radiation assay was originally planned as part of this project, the time to perform it 
was never found. Mutant genes required for DSB repair would show sensitivity to irradiation. Such an 
assay would involve isolating gpx-8 worms, irradiating them, and examining their progeny. This 
experiment would nicely complement a repetition of the brood size assay.  
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Significance 
 The study of DNA repair – particularly DSB repair – is of the utmost importance, having clear 
practical applications. Improperly repaired DSBs, as previously stated, can result in chromosomal 
abnormalities. Such abnormalities cause not only the apoptosis of the cells in question, but are 
associated with the development of cancer and a plethora of harmful disorders and defects. To 
understand the “genetic toolbox” involved in DNA repair is thus to understand one of the most critical 
in biology. gpx-8 is but a single part of this DSB repair toolbox, being one amongst an ever-growing 
family of genes with apparent functions in these pathways. Existing studies help to shed light on the 
conserved biological mechanisms important in the exchange and repair of DNA. Continued research of 
this nature will hopefully lead to the discovery of methods whereby faulty DNA repair may be halted, 
or perhaps nipped in the bud. Our understanding of the reproductive processes in C. elegans illuminate 
how these processes occur in other organisms, and thus contribute to our understanding of the 
mechanisms which promote our own reproductive health. 
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